Two peaks of RNA synthesis (early and late) are directed by bacteriophage P22 in lytic infections of Salmonella typhimurium. Late RNA synthesis is not seen in P22 23-infections; neither early nor late RNA synthesis occurs in P22 24-infections. Genes 23 and 24 of P22 appear to be analogous to genes Q and N of X, respectively.
Two peaks of RNA synthesis (early and late) are directed by bacteriophage P22 in lytic infections of Salmonella typhimurium. Late RNA synthesis is not seen in P22 23-infections; neither early nor late RNA synthesis occurs in P22 24-infections. Genes 23 and 24 of P22 appear to be analogous to genes Q and N of X, respectively.
Bacteriophage P22 is a temperature phage of Two distinct peaks in the rate of RNA synthesis Salmonella typhimurium. The genetic struc-are seen in these lytic infections. In P22c,-, and ture and regulatory circuits of P22 are similar C3-infections (Fig. lb and d, respectively) the to those of coliphage X (2, 4, 6) . Lytic develop-first peak occurs at 6 min after infection, and ment of the phage is under the positive control the second occurs at about 25 min. These are of the products of genes 24 and 23 (5, 7; S. termed the early and late peaks of RNA syntheHilliker and D. Botstein, personal communica-sis, respectively. It is of interest to note that in tion). The lysogenic pathway is controlled by a c,-and C3-infections, the early RNA synthesis number of genes including c,, C2, C3, and cly (6) . lasts only a short time and is shut off (reduced We have undertaken the examination of the to 50% of its maximal rate) before late RNA kinetics ofphage RNA synthesis in S. typhimu-synthesis begins. In the case of P22 c2 infections rium infected with various regulatory mutants (Fig. 3c) , the appearance of the late RNA peak of P22. In this study, we hope to correlate what is delayed until about 35 to 40 min after infecis known about some phage regulatory gene tion. This is consistent with the belief that c, functions with patterns of transcription seen in and C3 gene products, when present in their the infected cells. The patterns we see for the active forms, act together to delay the appearclear-plaque mutants reflect what is known ance of phage gene products involved in the about the role of the c,, c2, and C3 genes in the lytic response (9, 11). lysogenic response (6, 9, 11) . The roles of the Figure 2 shows that the appearance of lysoproducts of genes 24 and 23 in their positive zyme activity corresponds temporally to the apcontrol of gene action (5, 7) are also reflected in pearance of the late peak of RNA synthesis in patterns of phage-directed RNA synthesis con-cl-, c2-, and c3-infected cells. Activity does not sistent with the idea that these gene products appear in lysogenic infections (P22 Hi). Lysoact at the transcriptional level.
zyme is the product of gene 19, which maps to The kinetics of phage RNA synthesis, in P22 the right of gene 23 and is under its positive Hl (wild type)-infected cells is shown in Fig. la. control (6; S. Hilliker, personal communicaIn this infection there are no progeny phage tion). It is the enzyme primarily responsible for produced, and nearly all the cells are lysogen-cellular lysis. Note that the appearance of lysoized. Phage-specific mRNA synthesis reaches a zyme activity is delayed about 10 min in P22 c2 maximal rate at 6 min after infection. At this (cl+, C3+) infections. time, phage RNA synthesis is shut off and the If cells are infected with P22 c2-5 23-phage, cells become lysogenized. The RNA synthesis the late peak of RNA synthesis does not appear at 6 min is also apparent in lytic infections (see (Fig. 3) . Furthermore, lysozyme activity canbelow). This phage-directed RNA synthesis not be detected in extracts from these infected probably corresponds to transcription of genes cells for up to 60 min after infection. The early whose products have been partially character-RNA peak is present, and DNA synthesis as In all experiments, S. typhimurium LT2 (provided be J. Roth) was infected in logarithmic growth at a multiplicity of infection of20. Cells in E medium (1'2) at 37°C were infected at an absorbance at 650 nm (A650) of0.2 (108 cells per ml). Under these conditions, phage cl-7 and c3-32 give eclipse periods of20 min and latent periods of 55 min, with a burst size of about 300 phage. Both of these times are extended 8 to 10 min in infections with c25. At various times after infection, 5-ml aliquots were removed and labeled for 1 min at 37°C with 100 ,uCi of [3H]uridine. Labeling was stopped by adding 5 ml of ice-cold E medium plus 0.5 M NaCN. The cells were collected by centrifugation, and the labeled RNA was extracted with diethyl pyrocarbonate (10), treated with 50 pg of DNAse I per ml at 37°C for 30 min, and reextracted with diethyl pyrocarbonate. RNA isolated from each pulse had a specific activity of about 40,000 cpmlpg, although this value is somewhat phimurium LT2 were infected as described in Fig. 1 . dure was exactly as in Fig. 1 , except that the infecting At various times after infection, 5-ml aliquots were phage were P22 23-am H316 cr5 (@) and P22 cr5 removed and chilled by mixing with 5 ml of ice-cold (0) (reproduced from Fig. 1c ). P22 23-am H316 cr5 water. The cells were disrupted by sonication for 90 s was kindly provided by S. Hilliker. at 0°C. Cellular debris was removed by centrifugation (30,000 x g for 20 min), and the supernatant was assayed directly for lysozyme activity with sensi-and 2). We conclude that the late peak of RNA tized Escherichia coli B (9). Usually, 0.2 ml of ex-synthesis observed in lytic infections is primartract was mixed with 0.8 ml ofsensitized cells at250C ily due to transcription of genes under the posito give an initial Am0 of0.6. Lysis was followed for up tive control of the gene 23 product. These genes to 20 min by the decrease in A5.o. One unit was probably correspond to most of the morphogenic defined as the amount of activity that produced 0.01 and lysis functions of the phage (1, 6).
unit of decrease in A,Oo in 1 min (initial rate). All 
